Abstract The term negative priming has been used to describe the deleterious consequences for performance when the current target shares properties with an ignored distractor from the previous trial. Location-based negative priming was first reported by Tipper, Brehaut, and Driver (1990) who used a prime-probe procedure wherein the task was to localize targets defined by their identity (shape). Design imbalances in this seminal study, and others, are illustrated and it is indicated how these might have contaminated the reported effects. The findings, from three experiments using an unbiased design, suggest that negative priming in the spatial location procedure may be more closely related to inhibition of return (foR), or to the automatic attraction of attention by new objects, than to the concepts of distractor inhibition, episodic retrieval, and feature mismatch, which have traditionally been used to explain negative priming for spatial location.
In its most general sense, negative priming is a purely empirically derived concept referring to any negative effect on performance stemming from a previous experience. Since the seminal work of Lowe (1979) , Neill (1977) , and Tipper (1985) , a somewhat narrower construal of this term has dominated the literature. Negative priming in this narrower sense, and as we will use the term here, refers to retarded responding to a target because it shares properties with a distractor from the previous trial (for a review, see Fox, 1995; see Milliken, Joordens, Merilde, & Seiffert, 1998 , for a negative priming effect in the more general sense). The proposal that negative priming might reflect cognitive inhibition (Houghton & Tipper, 1994; Klein & Taylor, 1994; Neitl, 1977) , coupled with the fact that the method for studying its effects involves both memorial and selective processes, has generated numerous smclies of negative priming. These studies vary in emphasis from memory to attention and perception, and their participants include children and the aged, as well as individuals suffering from mental disorders like schizophrenia (e.g., Beech, Powell, McWilliam, & Claridge, 1989; Fox, 1994; Hasher, Stoltzfus, Zacks, & Rypma, 1991) .
In early studies of negative priming, participants made speeded decisions reporting the identity of a target that had been selected, usually in the presence of a distractor, on the basis of its colour or spatial location. Negative priming was observed as delayed responding when the target had the same identity as the immediately preceding distractor. In an influential paper advocating greater ecological validity, Tipper, Brehaut, and Driver (1990) reversed the task: Participants reported the location of a target that was selected on the basis of its identity. On each trial, a target (O) was presented in one of four locations, with or without a distractor (+), and the task was to press a button corresponding to the target's location. Trials were presented in prime/probe pairs, and the critical pairs involved presenting the probe target in the location that had contained a distractor on the prime trial. Tipper et al. reported impaired performance on these critical trials relative to a control condition, for which the probe's items were presented in new locations. This difference was added to a growing list from other procedures thought to reveal negative priming and came to be referred to as "negative priming for spatial location."
Partly because of its putative ecological validity, partly because of the simplicity of the task for the participant, and partly because of its ease of implementation (particularly in stripped-down form, see later), the procedure in which participants localize a target on the basis of its identity has become widely used to study negative priming. However, an examination of the literature using this procedure reveals that the typical implementation, which uses a restricted set of the possible prime-probe combinations, introduces biases: Properties of the upcoming probe array are not randomly related to the prime layout which, therefore, might serve as an informative pre-cue. It is also rare for all of the possible combinations in this procedure to be used and published (see Connelly & Hasher, 1993 , for an exception where many more conditions than usual are reported). Yet the full set of conditions is useful for ruling out alternative explanations and essential for generating a rich empirical foundation for theoretical development. Indeed, a model that can explain negative priming should be general enough to accommodate such a rich data base) In this paper, we will present data from spatial negative priming experiments in which a full set of conditions is presented to the participant in such a way that the prime trial layout predicts nothing about the layout on the subsequent probe trial.
In this paper, the nomenclature, X-to-Y, where X refers to an item in the prime display and Y refers to an item in the same location on the probe display, will be used to describe most of the conditions. For example, a Distractorto-Target 2 condition is one in which the distractor on the prime trial is replaced by a target on the probe trial. In a Control condition, both the probe target and distractor occupy locations unoccupied on the prime trial. Researchers typically run these two trial types and sometimes an additional condition for which the target location repeats from Prime to Probe (Target-to-Target). Negative priming is typically measured as the difference in probe R'I' between the Distractor-to-Taxget condition and the Control condition; negative priming is said to occur when performance in the Distractor-to-Target condition is poorer than that in the Control condition. In the Target-to-Target condition, performance is typically improved relative to the Control condition (but see, e.g., Connelly & Hasher, 1993, and Shapiro & Loughlin, 1993 , for two exceptions). These minimal designs provide performance measures in the two conditions necessary to calculate a negative priming score. However, as we will show, they suffer from untoward prime-probe contingencies that might contaminate performance in conditions used to draw inferences about the nature of negative priming. In the seminal study by Tipper et al. (1990) , and in many subsequent studies of location negative priming, the likelihood of a target repetition (when this condition had been included) was higher than chance. Because of this design weakness, calculated effects (like negative priming) may have been contaminated by, or misinterpreted because of, other effects caused by probabeen applied to the full range of prime-probe combinations that could occur in a full and balanced design. The same could be said for other less explicit, but still comprehensive, models of negative priming (Milliken et al., 1998; Neill & Mathis, 1999) .
The Distractor-to-Target is often called ignored repetition whereas the condition referred to in this paper as Target-to-Target is often called attended repetition. Wc shun these labels for t~vo reasons. First, the adiectives "ignored" and "attended" imply that it is -known what is attended and ignored and that some type of reference to attentional mechanisms is required. There is no direct evidence accompanying any published reports of negative priming that selection of a target is equal to attending that target.Therefore, we suggest more neutral event descriptors. Second, "ignored repetition" implies that the distraetor item repeats. However, when that term has been applied in the past it has been used to refer to conditions where the supposedly ignored item actually becomes the target item (or a property does). In this paper the repetition of distractors is examined; thus, the "ignored repetition" label is ambiguous because it could be referring to the more conventional condition tested for negative priming, or it could be referring to conditions where distractors repeat. bilistic information conveyed by the prime about the probe. The probabilities of events that occur in two stripped down negative priming designs are illustrated in Tables la and lb. Note that for any given prime arrangement, there are unequal probabilities of the probe target and distractor appearing in the four possible locations. Attentional orienting and response biases may, therefore, be elicited by the different prime layouts; differential faltering efforts may likewise be recruited to the probe locations most likely to contain distractors.
It should be noted that equating the probability of targets (and distractors) appearing in the critical locations does not guarantee that prime-probe contingencies will be eliminated. Suppose one runs only Distractor-to-Target and control trials and uses filler trials to ensure that the probability of targets appearing in each of the control (empty) locations is the same as the probability of the target appearing in the location formerly occupied by the distractor. Such a design is illustrated in Table lc . Although the probability of a target appearing in the critical locations has been equated (at .33), it is still the case that there are prime-probe contingencies that might be acquired and might influence the data. For example, prime locations containing a target never contain a target in the probe, thereby promoting an attentional or response bias away from the prime target. Conversely, prime locations containing a distractor never contain a distractor on the probe trial and do contain target. Hence whenever an item replaces a distractor it must be a target.
What follows is a description of two balanced "negative priming for spatial location" experiments that were designed to avoid the problems associated with the stripped down designs and to provide a more comprehensive empirical base for subsequent theorizing.. After some surprising findings were obtained, a third experiment was performed to verify the robustness of the earlier results. As will be seen, when a full and balanced design is used, a rich pattem of data is generated --a pattern that is not particularly compatible with the explanation of negative priming in terms of distractor inhibition, or with subsequent explanations based on feature mismatch or episodic retrieval.
Experiment 1
Experiments la and lb examine the full pattern of effects that could be observed in a location negative priming experiment, using a complete and unbiased design. Every possible combination of target, distractor, or both, across prime and probe, was presented once to each participant in a negative priming for spatial location procedure (Tipper et al., 1990) . In Experiment la the procedure was examined across a number of participants, whereas in Experiment lb the procedure was tested over repeated sessions with one participant on consecutive days. a Conditional probability of the probe target appearing in one of the four possible locations given the sample prime array shown. b Conditional probability of the probe distractor appearing in one of the four possible locations given the sample prime array shown.
METHOD
Partidpants. Twelve Task andpro~dure. Each prime-probe pair consisted of the following sequence of events. The fixation display appeared immediately after the foot pedal was depressed. After 500 ms the prime array, consisting of a target or a target plus a distractor, was added to the fixation display until the participant responded. The participant responded as quickly and as accurately as possible by depressing the key corresponding to the location of the target. When the response to the prime was made, the items were removed from the fixation array, which continued to be displayed for 300 ms. At the end of this interval, the probe array, also consisting of a target or a target plus a distractor, was added to the fixation display and remained until the participant's response. After the probe response was made, feedback was displayed for 1 s. For each correct response, the reaction time (RT) was displayed, with the prime RT above the probe RT. If the participant made an error, the word WRONG replaced one of the RTS. Following the termination of this feedback display, the next pair of prime and probe displays commenced with a foot pedal response. Both reaction time and accuracy measures were recorded for each display. In all, there were 64 practice trials followed by 256 test trials. The practice trials were a random sample of 25% of the trims from each condition in the test block.
Design. Prime and probe displays consisted of a target or a target plus a distractor. Each possible assignment of target to a location (4) and target + distractor (4 x 3 = 12) to two of the four locations was used to generate 16 unique displays. Each possible prime display (16) was paired with 
The number of trials is the number of possible unique prime-probe combinations in that condition and also the number used in the experiments. h All prime items arc repeated in the probe array, c All probe items arc presented in previously empty locations.
"ltae probe target appears in the same location as the prime target and the probe distractor status changes (appears, moves, disappears).
"lqac probe distractor appears in the same location as the prime target, t"llac probe target appears in the same location as the prime distractor. gThe probe distractor appears in the same location a,~ the prime distractor and the probe target appcars in a new location. h The probe distractor appears in the same location as the prime target and the probe target appears in the same location as the prime distractor. each possible probe display (16) to yield 256 unique test trials. Using this exhaustive method of block construction, there is an equal probability of targets or distractors appearing at any one of the four locations in prime locations and in probe displays. Importantly, this equality is preserved when the locations of probe display items are conditionalized on the prime display. With this design, there are two prime conditions (target and target plus distractor) and 15 combinations of prime and probe displays which fall into the following four broad categories depending upon the presence of distractors in each display: (a) no distractor in the prime and probe displays, (b) distractor m the probe display only, (c) distractor in the prime display only, and (d) distractors in both the prime and probe displays. In the notation we will use for describing a prime-probe pair, the description is preceded by a l)-or ND-depending on whether the prime display contained a distractor (D-) or did not contain a distractor (ND-) and then followed by a -D or -NI) to indicate distractor presence or absence in the probe display. The specific prime and probe combinations are labeled and illustrated in Table  2 .
On average, the practice and experimental sessions together took approximately 30 minutes to complete. All sessions were conducted in a dark room.
Predictions. When we conducted these experiments, we expected to replicate what had been reported previously: (a) a cost to performance when the probe target appears in the location of the prime distractor (from which negative priming for spatial location has been inferred), and (b) no cost or possibly a benefit when the probe target appears in the same location as the prime target. Nevertheless, because these two findings had been observed, for the most part, using biased designs, the expectation that we would replicate them using our unbiased design was only weakly held.
RI",SUI,TS: I:XPH~.IMI~NT 1A Reaction times that fell below 100 ms were deleted prior to the statistical analyses. For each participant, mean reaction times (RTs) were calculated for each of the 2 prime conditions (ND and D) and for each of the 15 probe conditions (in the latter case using only trials where the prime response was not erroneous). Scores for the prime and each group of probe conditions were submitted to separate repeated-measures analyses of variance (ANOVAs). Mean RTs and accuracies for Experiment 1 are presented in Figure 1 (and are tabulated in the Appendix A where the Fratios can also be found). Fisher's protected least significant differences (I'I.SD) were calculated for each group of conditions and are illustrated in Figure 1 , normalized to the corresponding control or baseline condition for each group. Within a grouping of conditions, any scores that are outside the range of the corresponding PI,S1) (shaded region) are significantly different from the corresponding control condition at p < .05.
The mean RTs for the two prime conditions differed significantly, F(1,11) = 29.40, p < 0.001, conftrmmg that the distractor (456 ms > 434 ms) interfered with target localization. There was no difference in the accuracy of these two prime conditions (F < 1). The probe data are shown in Figure 1 (see also the Appendix).
Probe reaction time. In the group of conditions for which no distractor appeared in either the prime (ND-) or probe (- Table 2 ). l:ach group's control condition is shown as an unfilled histogram. The horizontal white line extends performance in the control condition across the experimental conditions for which it serves as the appropriate baseline. Performance that falls outside the grey area centered about this line differs significantly from the corresponding control condition at the .05 level, by Fisher's protected least stgnificant difference test. ND) display, RTs were marginally faster (p = 0.08) in the ND-Repeat-ND condition than the corresponding control condition (361 ms < 383 ms).
In the group of conditions for which a distractor occurred only in the probe displays (-D), the target repetition advantage just described was not observed. Quite the contrary, RT in the ND-Target-to-Target-D condition was significantly longer than in the corresponding control condition (413 ms < 458 ms). RT in the ND-Target-toDistractor-D condition did not differ significantly from those in the control condition.
In the group of conditions for which a distractor occurred only in the prime display (D-), a comparison between the D-Distractor-to-Target-ND condition and its corresponding control condition (D-Control-ND) showed the negative priming effect typically ascribed to ignored distractors (415 ms > 386 ms). The target repetition condition did not differ significantly from the control condition.
In the group of conditions for which a distractor occurred on both the prime and probe trials, the fastest RTs were obtained when both the target and distractor repeated (D-Repeat-l)) and RTin this condition was faster than in the control condition (385 ms < 416 ms ). Relative to its corres-ponding control condition (D-Control-D), the D-Distractor-to-Target-1) condition showed a cost (468 ms > 416 ms) that would be expected based on the negative priming literature. In the D-Switch-D condition (the target and distractor switched locations on the probe trial), RT was significantly longer than in the control condition (449 ms > 416 ms). In the l)-Target-to-Target-l) condition (where the target repeats but the distractor moves to a new location), there was also a significant cost in performance (441 ms > 416 ms).
Probe aa~ra~. In the two groups of conditions with no distractors in the probe displays (-ND), there were no significant differences in accuracy. In the conditions for which the distractor appeared only in the probe displays (NI), -I)), there were more errors when the distractor appeared in the previous target location than in the control condition. When there were distractors in both the prime and probe displays, the D-Distractor-to-Target-D and DSwitch-D conditions were both less accurate than the 1)-Control-D condition.
RESUI)FS: EXPERIMI",NT 1B
Conventional parametric statistical analyses will not be reported on these data because the assumption of independent observations is not satisfied. In the description that follows, we will indicate how consistently an effect of interest was obtained by reporting the number of sessions, out of the total of 12, for which the effect was in the reported direction. In Figure 2 , where this participant's probe data are reported, a protected least significant difference (PI£D) is shown for each grouping of conditions. Although this was computed in the same fashion as in Experiment la (treating each session as if it were contributed by a different participant), it is not meant as a formal statistical test (and certainly does not permit generalization to other participants). Rather, this provides the reader with a visual indication of the variability across sessions and differences between conditions within this single participant.
On prime trials, our single participant showed, in the presence of a distractor, consistently higher RTs (in all sessions, 368 ms > 344 ms) and higher errors (in 11/12 sessions, 3.91% > 1.69%).
The probe data are shown in Figure 2 (see also the Appendix). In general, the pattern of results from the single participant tested over 12 sessions mirrors that of the 12 participants tested once. Relative to the corresponding control conditions, costs in RT were observed when a target replaced a distractor (negative priming) in the DDistractor-to-Target-ND condition (ha 9/12 sessions, 318 ms > 304 ms) and in the D-Distractor-to-Target-D condition (in 12/12 sessions, 362 ms > 329 ms). Costs were also observed when a target replaced a target while a distractor was presented in a previously empty location m the ND~ Target-to-Target-D (in 12/12 sessions, 370 ms > 329 ms) and D-Target-to-Target-D (in 12/12 sessions, 369 ms > 329 ms) conditions.
In addition, this single participant showed a consistent improvement, relative to baseline, in probe RT when the probe target was presented in a new location while the probe distractor was presented in a location that had been occupied in the prime display either by a target (ND-Targetto-Dist~actor-D, in 10/12 sessions, 311 ms < 329 ms) or by a distractor (D-Distractor~to-Distractor-D, in 10/12 sessions, 312 ms < 329 ms). A similar benefit was apparent in the D-Target-to-Distractor-D condition (315 < 329), but this was not consistently present (7/12 sessions). As can be seen in Figure 2 , in none of the comparisons reported above did the pattern of errors indicate a speed-accuracy tradeoff.
DISCUSSION
Performance m the Distractor-to-Target conditions was worse than in corresponding Control conditions. This difference replicates the effect that has been attributed to negative priming for spatial location. In addition, several previously unreported or underemphasized results have been produced. Most importantly, in the Target-to-Target conditions, so long as the probe displ~ included a distractor in a new location, there was also a cost relative to baseline (which was similar in magnitude to that observed when a target replaced a distractor). This contrasts with most previous localization studies which have not shown this cost when using a Target~to-Target c o n d i t i o n . 3 It seems likely that this difference is attributable to biases of the sort illustrated in Table 1 (but see Connelly & Hasher, 1993 , for an exception).
It is interesting to note that in u~ia~d or nearly unbiased studies of ~atia/negative priming, there is typically an improvement in performance on probe trials when the target repeats (Lowe, 1979; Neill, 1977; Neumann & DeSchepper, 1991; Stadler & Hogan, 1996) . Thus our finding of a Target-to-Target performance deterioration using an unbiased design raises the possibility that location negative priming may not be caused by the same mechanisms as nonspatial (Stroop and letter identity) negative priming,
The consistent costs that were observed when a target was presented in a previously occupied location (whether occupied by a target or distractor) suggests an inhibitory process that is attached to any stimulated or attended location and not merely to locations that contain ignored distractors. This pattern suggests that the cost traditionally Shapiro and Loughlin (1993) provide an e,xception to this generallzation. This study is atypical in that it included conditions where there were two targets, attributed to negative priming for spatial location might instead be due to inhibition of return (see also Milliken et al., 2000) . This is a possibility that will be more thoroughly explored after the next experiment.
If the locations occupied by the prime distractor or prime target are inhibited, then the otherwise deleterious effect of a probe distractor should be reduced when presented in either of these locations. It is important to keep in mind that any resulting improvements would necessarily be small, because they would be limited by the magnitude of the interference effect caused by distractors (about 20-25 ms on prime trials; 25-30 ms on control probe trials). Such benefits were consistently observed in two conditions of Experiment lb (Nt3-Target-toDistractor-D and D-Distractor~to-Distractorq~). There were no individual conditions in Experiment la in which the deleterious effect of a distractor was signi~antly reduced when it was presented in a previously occupied location (relative to the control condition). However, among the group of conditions with distractors in both the prime and probe arrays, there were nonsignificant benefits (15 ms and 10 ms) in two such conditions (D-Distractorto-Distractor-D and D-Target-to-Distractor-D). A contrast revealed that, when combined, these two conditions were marginally faster than their corresponding control condition, F(1,11) = 3.95,p < 0.07.
To increase our confidence that the target-to-target costs, and other novel trends observed in Experiments la and lb, were due to the use of a balanced design and not to some other unique methodological feature of our procedure, Experiment 2 replicated the balanced design while changing many of these unique features. Such a replication has a two-fold benefit. First, it can demonstrate the replicability and robustness of the effects found in Experiments la and lb. Second, because the pattern is predicted to be the same as in Experiment 1, effects that are predicted by an inhibition of return account can be examined with planned contrasts. In particular, the decreased interference from distractors presented in previously occupied locations, which is not predicted by the traditional explanations of spatial negative priming, will be explored in this manner.
Experiment 2
It was decided to replicate the previous experiments with changes that were substantial enough to demonstrate robustness of the key findings described above. We did not consider it crucial to include arrays without distractors because it has been demonstrated in many similar experiments that the presence of a distractor elicits an interference effect relative to a no-distractor condition. Therefore, only the conditions containing distractors from Experiment 1 were included (see bottom grouping of conditions in Table 2) . A localization task similar to that of Milliken, Tipper, and Weaver (1994) was adopted, wherein the stimulus arrangement was modified to use locations to the left, fight, top, and bottom of the display, and compatible localization responses were made with a joystick.
METHOD
Partidpants. Thirteen university students with normal or corrected-to-normal vision participated in the study in exchange for course credit.
Apparatus and stimuli. A Macintosh IIx computer was used to present stimuli and record responses. A custom joystick was interfaced through an NB-MIO-16h card with one of the on-board timers set to stop when any one of the four buttons, positioned in the path of up, down, left, and right joystick responses, was pressed. The stimulus display was presented on a Macintosh high-resolution 14" monitor.
Each target location was marked by a square 1.80 ° on a side, with its centre 1.90 o from fi adon. All stimuli were presented in white on a black screen. The target (O) and distractor (+) stimuli were centred in the squares and were presented in Monaco font, 0.95 o tall.
Procedure, task and design. All procedures were the same as in Experiment 1 with the exception of the above,and the following changes: The response was made toward the target location using the joystick and trial advance was no longer made by a foot pedal but by pressing a key on the keyboard with the free hand. The seven conditions from Experiment 1 that contained a distractor in both the prime and probe displays were run. The interval between the prime response and the presentation of the probe display was increased from 300 to 345 ms. RI*;SUI,TS On prime trials, mean RT was 402 ms and the mean error rate was 1.87%. The probe trial results are shown in Figure  3 (see also the Appendix). The effects that have been discussed earlier, in conditions where the prime and probe displays contain distractors, were replicated either in reaction time, accuracy, or both. In particular, relative to the control condition (D-Control-l)), the l)-Distractor-toTarget-D condition (416 ms > 360 ms), the D-Switch-t) condition (416 ms > 360 ms), and the l)-Target-to-Target-D condition (422 ms > 360 ms) showed significant RT costs. None of these RT costs was contradicted by the error rates and there were significantly more errors in the I)-Distractor-to-Target-t) condition than the control condition (11.7% > 6.8%). Planned contrasts revealed that when the probe distractor appeared in the location previously occupied by a distractor (D-Distractor-to-Distractor-D) responses were faster, F(1,12) = 8.37,p < 0.02, MSE = 541.2, and also more accurate,/:(1,12) = 8.02, p < 0.02, MSE = 32.83, than in the D-Control-D condition. When the probe distractor was presented in the location previously occupied by a target, D-Target-to-Distractor-D, performance was not faster, but was more accurate than in the control condition, D-Control-I),/=(1,12) = 6.28, p < 0.03, MSE = 55.74.
DISCUSSION
It is clear that the results are nearly an exact replication of the pattern in comparable conditions of Experiment 1. Notably, we obtained significant costs when a target appears in a location previously occupied by a distractor or a target (so long as the distractor moves to a new location). This replication, using a different manipulandum, display, set of trials, and response stimulus interval, confirms the robustness of the pattern of results. In addition, planned contrasts confirm that the placement of a distractor in a previously occupied location results in improved perfor-mance. This is a new pattern of results that is unaccounted for in the negative priming for spatial location literature.
General Discussion
When the complete set of conditions that could occur in a negative priming for spatial location experiment are run in a balanced and unbiased design, a new and interesting data pattern emerges. EssentiaUy, whenever a probe target occupies a location previously occupied on the prime (whether by the target or distractor), performance is impaired so long as the distractor is in a new location. When a probe distractor occupies a location previously occupied on the prime, so long as the target is in a new location, performance often improves.
AN IOR INTI,;RPRI';TNHON OF t.OCAT1ON-BASI'~D Nt,X;ATIVt'; PRIMING Taken together, our findings present a serious difficult-)" for the view that cost in the Distractor-to-Target conditions is caused by selecting against the prime distractor location in order to respond to the prime target (negative priming). This is because there are similar costs when the target repeats location (Target-to-Target, so long as the probe distractor is presented in a new location). The cost in the Target-to-Target conditions could be explained, quite naturally, through inhibition of return (1()19. In its standard form, IOR is a delay in responding to (or processing of) stimuli presented in a previously stimulated location, or in a location toward which covert or overt orienting had been recently directed and subsequently removed (see Klein, 2000, and Klein, 1998 , for reviews). However, if IOR is used to explain the Target-to-Target cost, it can also be used to explain the Distractor-to-Target cost because in both conditions the probe target is presented in a location that had been stimulated and was likely attended in the prime display. Although the Distractor-to-Target cost has typically been attributed to negative priming (retarded performance because the Probe target is in the same location as the prime distractor), hypothesizing a separate cause for the poor performance in this condition (such as distractor inhibition, feature mismatch, or episodic retrieval) seems to be unnecessary and unparsimonious given that both costs can be attributed to IOR. Interestingly, if Tipper et al. (1990) had obtained the same findings we have, particularly the Target-to-Target cost, their own logic would have impelled them to use IOR to explain all of their results in location negative priming:
It is possible that the negative priming effect that we observed in Experiment 1 a might be a form of inhibition of return. Suppose that attention is briefly drawn to a distractor in the prime display (thus producing the interference effect). The mechanism of inhibition of return would then produce the delayed response observed when the probe target appears in the same locus as the distractor in the ignored-repetition condition. If this account is correct, then a delay in response should also be observed when the probe target appears in the same location as the previous prime target in the attended-repetition condition. Indeed, inhibition of return has been observed following a prime that is a relevant stimulus to which a response has been made (Maylor & Hockey, 1985) . (Tipper et al., 1990, p. 495-496) Tipper et al. (1990, Experiment lb) tested the proposal that what had been attributed to negative priming for spatial location was IOR and, because they failed to obtain a cost in their "attended repetition" condition (equivalent to our Target-to-Target) in which IOR might have been operating, they rejected it. In our balanced study, however, in which prime targets could not serve as cues for subsequent targets (because the subsequent targets were not more likely to appear m a previous target location than in control locations), we have obtained costs in the Target-toTarget condition. The absence of such a cost in the Tipper et al. (Experiment lb) study, was therefore likely due to unintentional and untoward benefits caused by the design imbalance which is illustrated in Table lb. These benefits could accrue because attention may not always have been removed from the prime target location and the repeated response may have benefited from priming and implicit expectancies. Thus the absence of IOR in Tipper et al.'s Target-to-Target condition could have been due to biasinduced counterbalancing benefits.
Converging evidence for an IOR interpretation can be derived from some of the performance improvements we observed relative to the control condition. If IOR causes inhibition of the prime target and distractor, then there would be a benefit in performance when a distractor occupies one of these locations (while a target occupies a new location) because of reduced interference from a distractor occupying an inhibited location. Because such benefits were found in Experiment 2 and tended to be in the same direction in similar conditions of the other experiments, the 1OR interpretation developed here is supported. Milliken, Tipper, Houghton, and Lupi~nez (2000) have also recently concluded that what the field has been calling negative priming in the spatial location procedure is difficult to discriminate from, and probably relies on the same mechanisms as, IOR. They used a method somewhat different from ours. We modified a negative priming experiment in order to discover what would happen in an unbiased design. They modified negative priming experiments so that they looked more like IOR experiments by removing the prime response. Although the two methods converge on an IOR explanation, our conclusion is narrower than that of Milliken et al. We "lqac predictor variables, entered simultaneously, were coded as follows: Distractor (probes with a distractor were coded with a 1; others were coded with a 0); Itcm-to-D (probes with the distractor presented in a previously occupied location were coded with a 1; others with a 0); r-to-r (probes with a target presented in a location previously occupied by a target wcrc coded with a 1; others with a 0); TRepBen (probes with everything repeated from the prime and probes with a repeated target presented alone wcrc coded with a I; others with a 0); D-m-T (probes with a target wag presented in a location previously occupied by a distractor were coded with a 1; others with a 0). a, A significant/-value indicates that there was a significant linear relationship between the corresponding predictor variable and probe reaction time, taking into account the other variables in the model only wish to assert that what has previously been called negative priming for spatial location is likely a manifestation of lOlC Milliken et al. go beyond this by suggesting that negative priming generally and 1OR are manifestations of the same psychological mechanism. For several reasons, including the fact that costs in Target-to-Target conditions of nonspatial negative priming paradigms have not been reported (even in the most unbiased designs, Neitl, 1977), we currently favour the narrower claim.
A NEW-Ot3.I ECT ADVANTA(; E. ) Whereas IOR provides one explanation for aspects of the data pattern we have reported here, an alternative explanation, one that emphasizes advantages for processing items appearing in new locations, should be considered. It has been shown that new objects, or stimulus properties signifying new objects, exert greater exogenous control over attention (i.e., attention is attracted toward them) than other stimuli (Folk & Remington, 1998; Yantis & Hillstrom, 1994) . In the present experiments, the only decrement in performance that occurred when repeating the previous response was when the participant needed to filter a distractor that appeared in a location that had been empty on the prime. We suggest that when an item is in a new (previously empty) location, there may be automatic orienting toward the new item. \~qaen the new item is a distractor, this orienting will hinder performance by drawing attention away from the target, but when the new item is a target it will benefit performance. If both target and distractor are in new locations (as is the case in the control conditions), they compete and performance falls somewhere in between. This proposal explains costs in Distractor-to-Target and Target-to-Target-D conditions because distractors in new locations with targets in old locations will reduce performance. It also explains benefits in Distractor-to-Distractor conditions and Target-toDistractor conditions because a target in a new location will attract attention away from a distractor in an old location. One functional interpretation of IOR is that it serves to bias attention from previously inspected locations (Klein, 2000; Klein & MacInnes, 1999; Posner & Cohen, 1984) . If that interpretation is correct, then the new object and IOR accounts for the costs we have observed in Distractor-to-Target and Target-to-Target-D conditions can be seen as two sides of the same coin.
R|:.SPONSE Iq.;RSEVERATION Left unexplained by both of these accounts are the Repeat conditions, for which performance improved, and the DTarget-to-Target-ND conditions for which performance was roughly equivalent to control. Under either account, explaining these conditions requires a separate mechanism. With the new object explanation, these conditions do not involve a new object, and hence the improvement must be explained separately. With the IOR account, the separate mechanism must produce an improvement that is large enough to mask (or even reverse) the IOR, which by hypothesis should still be operating. We propose that response perseveration be used to explain these exceptional cases under either an tOR or a new object account.
To the extent that the participant can easily see that the present trial is essentially the same as the previous one, they can merely execute the previous response without going through the time-consuming process of response selection (cf. Keele, 1973) . Under the new object explanation, the response perseveration mechanism will naturally contribute to performance when there are no new items. Response perseveration could also operate under the IOR account, but the picture is a httle more complex. Based on the present data, we suggest a n~e for using response perseveration in exceptions to IOR. The rule is: Response perseveration will begin to supersede effects of IOR as the apparent similarity between the prime and probe trial increases. This explains benefits in conditions likeDRepeat-D, because the prime and probe items are identical. However, it also allows for a continuum of performance based on similarity so that lack of benefit in D-Target-toTarget-ND conditions (the target repeats location but there is no distractor) can be explained as being due to a lesser degree of similarity between the prime and probe. It should be noted that the lack of benefit in theD-Target-to-Target-ND can also be accounted for by the new object explanation. In this condition, the baseline for estimating costs and benefits is the D-Control-ND condition. The target in that control condition should automatically attract attention to the new target location because there is no competing distractor in a new location. This should cause a performance improvement in the control condition, thus making the response perseveration benefit in the D-Target-toTarget-ND condition unobservable.
Both explanations (IOR and new object) attribute the decrements in performance found when targets occupy previously occupied locations to the relationship between the prime array and probe array stimuli per se and not the participant's behaviour or responses to the prime array. In contrast, responding to the prime is crucial to the response perseveration benefit because it is this response whose retrieval yields the benefit. An explicit prediction follows from these proposals: If no response is required on the prime, then there will be no response repetition benefit. For example, costs would be observed in our D-Repeat-D condition if no response was required on the prime. A partial confirmation of this prediction, using conditions analogous to our ND-Repeat-ND condition, is fulfilled in Milliken et aL (2000) .
ANAI,YSIS OF COMPONENT ME('HANISMS USING REGRES-

SION
Our framework for explaining the relative performance across the probe conditions in our experiment includes the following mechanisms. (a) Distractor intetfereme'. Probe performance will be worse when the target is accompanied by a distractor. (by Inhibition of return will delay or degrade the extraction of codes from items presented in previously occupied locations (or conversely, the processing of items in previously, empty locations will benefit): (i) Probe performance wilt be worse when the target is presented in a location previously occupied by a target; (ii) Probe performance will be worse when the target is presented in a location previously occupied by a distractor; (tii) The cost of a distractor will be reduced (probe performance will improve) when a distractor is presented in a previously occupied location. (c) The IOR associated with repeating a target wi~ be overshadowed by a response perseveration benefit when the probe array does not afford a response other than a repetition (target appears alone) or the whole prime array repeats.
We assessed the contribution of these mechanisms to the data pattern obtained in Experiments 1 a and 2 using a regression analysis. Correct reaction time for each of the distinct prime-probe pairs was collapsed across participants, each pair was assigned a 1 or 0 for each of the five components described above, and a regression was computed across these combinations using RT as the predicted variable and the components as simultaneously entered predictors. The results are shown in Table 3 . This analysis shows how much of the variance across various prime-probe combinations (256 in Experiment la and 144 in Experiment 2) can be accounted for by the mechanisms described earlier. 4 Combined, these five factors account for 43.6% of the variance in Experiment la, with each factor contributing significantly (p < .01). In Experiment 2, the four factors (all probe trials had distractors so this factor did not apply) combined accounted for 59,2% of the variance, again with each factor contributing significantly (p < .01). The increased variance accounted for in Experiment 2 may be due to the simpler task (as reflected in generally improved performance). With task variance reduced, then the proportion of variance we attempt to account for, stimulus induced variance, will be increased.
Conclusions and Implications
On the basis of the findings reported here, we believe that the typical negative priming effect for location is not caused by ignoring distractors. When all of the possible conditions are nan in such a way that the participant is not biased to expect targets to repeat locations, a pattern emerges that more closely resembles IOR than negative priming.
Our finding that costs in D-Distractor-to-Target-D (commonly called ignored repetition) conditions in the spatial negative priming procedure are not likely due to ignoring the prime distractor calls for the reexamination of some general models of negative priming. The models proposed by Houghton et al. (1996) and Kane et al. (1997) rely" heavily on evidence that has been obtained in the spatial negative priming procedure. Houghton et al. tested hypotheses generated from their model about negative
We' thank an anonymous reviewer for sug.gcsting that we apply a regression analysis to our findings. This regression, by preserving the individual prime-probe combinations while collapsing across participants, is akin to performing an itca-ns analysis in a psycholinguistic study (which allows the investigator to explore the gcncralizabilit T of the key findings to "new" materials drawn from the same population), As such, it can provide a useful confirmation of the 3NOVA-based statistic which is designed to assess the generalizability of differences be~'cen conditions (collapsed across different trial combinations) to new participants. priming using the location paradigm exclusively. Given our findings, it is not surprising that the same model was easily adapted to incorporate IOR (Houghton & Tipper, 1994) . Indeed, Milliken et al. (2000) have recast this model as one of IOR, while implying that IOR and negative priming are, generally, the same. Kane et al. modified previous models of negative priming specifically to account for their finding that location "negative priming" is preserved in the elderly while identity negative priming is not preserved. This is a dissociation that they attribute to intactness of the "where" pathway and deterioration of the "what" pathway. We do not challenge Kane et al.'s findings or neuropsychological attribution. However, we would reinterpret their results as follows: IOR is preserved in the elderly while negative priming is not.
Our finding that costs occur in the Target-to-Target condition (with identical stimuli) challenges a feature mismatch explanation proposed by Park and Kanwisher (1994) . They showed that distractor inhibition was neither necessary nor sufficient to obtain the performance deterioration that had been attributed to negative priming for spatial location. They proposed instead that it was the mismatch between features of the prime distractor and probe target when they were in the same location that caused the performance deterioration. Thus, like us, Park and Kanwisher (1994) have argued that what has been called negative priming is not caused by ignoring the distractor. Their design, however, was unbalanced: Target repetitions were more likely than chance. Our results suggest that target repetition costs were likely present in this study (but were overshadowed by a response repetition benefit) and would have been observed had a balanced design been used. As discussed above with regard to Tipper et al. (1990) , had such costs been obtained Park and Kanwisher may have interpreted the Distractor-to-Target cost differently. Moreover, our cost in the target repetition condition cannot be attributed to feature mismatch because there is none (see also Tipper, \Veaver, & Milliken, 1995 , for a compelling demonstration in which the probe target and prime distractor are identical).
Negative priming from prime distractors has been clearly and reliably demonstrated in balanced, or nearly balanced, experiments using a Stroop task with vocal responses (Lowe, 1979; Neill, 1977) , and in letter identit T experiments (Neumann & Deschepper, 1991; Stadler & Hogan, 1996) . We leave open the possibility that spatial negative priming may also exist, but so far it has not yet been adequately demonstrated. It may be possible to observe negative priming for spatial locations using novel procedures. Tipper, Lortie, and Baylis (1992) , for example, explored negative priming for spatial location using a procedure in which participants reached for items in space. However, to be confident that spatial negative priming has occurred in such a reaching, or any other novel paradigm, the unbiased design principles we have espoused here must be applied. Sommaire L'amorgage n~gatif, dfifmi comme les consequences nuisibles subies par la performance lorsque la cible pr6-sentde partage des propri&6s avec un distracteur ignor~ dans un essai pr~c6dent, a fait l'objet d'~tudes s'appuyant stir divers paradigmes. Tipper, Brehaut et Driver (1990) ont &6 les premiers /t identifier le ph~nom~ne d'amor~age n~gatif ax~ sur l'emplacement. Ils ont employ~ une mfithode d'amorgage-sondage suivant laquelle la tfiche consistait fi localiser des cibles d6fmies par leur identit~ (leur forme). Comparativement au patron trouv6 dans les donnfies de rfif~rence o/1 les items du sondage 6taient pr~sent~s ~ de nouveaux emplacements, les auteurs ont observfi que lorsqu'une cible de sondage occupait l'emplacemerit d'une cible d'amor~age, la performance se d&~riorait et que lorsqu'une cible d'amor~age occupait l'emplacement d'une cible de sondage, la performance ne se d&6riorait pas. Ils ont fimis t'h)~oth+se que l'inhibition du distracteur (n~cessaire pour s~lectionner la cible) causait le premier effet et n'ont doric pas retenu l'exphcation bas~e sur l'inhibition de retour (n)R) ~ cause de l'absence de d&firio-ration de performance lorsque la cible &ait r@&~e. Nous itlustrons les d~s~quilibres dans les plans d'exp&imentation de cette premifire ~tude (ainsi que d'autres) et mentionnons comment ces d6s~quih'bres pourraient avoir biais6 les effets rapport~s. Tout particuh~rement, la proportion de cas de r@~tition de cibles est relativement filev~e, encourageant le participant fi ~tre attentif ou fi se pr~parer de mani6re biais~e. Un tel biais avantagerait ta performance dans les essais de r6p~tition de cible ce qui, par cons~quent, masquerait l'influence de I'IDR qui produirait normalement une baisse de performance lorsque les cibles reviennent aux mfimes emplacements.
Trois exp&iences ont ~t6 menses fi l'aide d'un plan exp~rimental non biais~. Lorsque l'ensemble complet des conditions exp~rimentales qui peuvent ~tre pr~sentes lors d'un amor~age n~gatif de locahsation spatiale a dtd mis sur pied (dans le cadre d'un plan exp6rimental 6quilibr~e et non biais6), un patron de donn~es nouveau et intdressant a 6merg6. La d&firioration de la performance lorsque la cible de sondage est pr~sent6e fi un endroit pr6c6demment occup~ par le distracteur rut de nouveau 6tfi observ~e; de plus, une d6t6rioration de performance a 6t~ perque lorsque la cible de sondage &ait pr~sent~e ~ un endroit occup~ pr~c6demment par une cible (en autant qu'eUe ~tait accompagn~e d'un distracteur fi un nouvel emplacement). Nous sugg~rons que les deux effets sont le fruit du m~me m~canisme : I'IDR ou l'attirance automatique de l'attention par de nouveaux items. En vertu de ce postulat, les r~sultats observ6s lorsqu'une cible remplace un distracteur ne sont pas caus6s par des operations mentales li6es l'item d'amorcage jouant le r61e de distracteur, comme l'inhibition du distracteur au service de la s~lection, la discordance des particularit~s ou le rep~chage 6pisodique, soit des concepts qui ont traditionneUement servi expliquer l'amorqage n6gatif en fonction de la localisation spatiale. Une amdlioration de la performance a souvent ~t~ observde lorsque des distracteurs de sondage occupaient des emplacements pr6c6demment occup~s par des cibles ou par des distracteurs darts l'arrangement des items. Ceci confirme de nouveau notre posmlat car les points de rue traditionnels sur l'amorqage ndgatif n'expliquent pas pourquoi la performance s'amdliore lorsqu'un distracteur de sondage remplace une cible d'amorgage, alors que notre suggestion de l'intervention de I'IDR l'explique.
Cette 6tude nous apprend que des plans d'expfrimentation 6quilibr6s dans lesquels les participants ne sont pas amen6s ~ entretenir des attentes inopportunes, doivent ~tre utilis6s. De plus, dans le paradigme bas~ sur l'emplacement, mis de t'avant par Tipper et al. (1990) et exploit~ par de nombreux chercheurs pour 6tudier l'amorgage n~gatif, I'IDR est probablement en cause. Le patron de donn6es que nous avons obtenu est tr~s diff6rent de celui trouv6 dans des 6tudes non biaisdes d'amor~age n6gatif de type Stroop (Lowe, 1979) . Par opposition au paradigme s'appuyant sur l'emplacement, des paradigmes fond6s sur l'identit~ semblent faire appel fi un mfcanisme diff6rent qui pourrait correspondre de fa~on plus appropride ~ la d6fmition de l'amor~age n6gatif employde ici.
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